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            The thermal diffusion i the hydrogen-argon system has been measured at mean 
         temperatures of 322,7~3i2,1`% and pressures up[0 210 atm, by means of a"Iwo-
         bulb" type apparatus reported previously, The effect of composition, temperature 
         and pressure onthe thermal separation a d the thermal diffusion f ctar isdiscussed 
         and compared with the results ofthe hydrogen-carbon dioxide system inearlier works. 
         The results at the atmospheric pressure are also wmpared with a theoretical 
         equation treated with both Lemard-Jones (12-6) and "Modified Buckingham" 
         (exp-6) potentials. 
   There have been only a few studies of the thermal diffusion in gaseous system under high 
pressures, in spite of its importance for both practical use and theoretical treatment, asdescribed 
in the authors review papers>. The previous thermal diffusion measurements2.3> were made for 
the system of Hi C0: at pressures up to 120 atm. In the present work, the H, A system has 
been selected so tbat a comparison could be made with the results obtained for the hI,-COr system, 
the mass ratio of the molecules in the two cases being closely similar. 
   The measurements aremade in a "two-both" type apparatus in which the top chamber is
kept at a hot temperature T, and the bottom one at a low temperature Ta. At a steady-state 
condition where the separation due to thermal diffusion is balanced by [he remixing effect of the 
ordinary diffusion. the thermal diffusion factor a a[ a mean temperature T is expressed as
follows 
                dx 
          a(T)-x
,xrln(Te/Ta) (I) 
where xr arrd x: are mole fractions in feed of heavy and light components, respectively, and the 
thermal separation dz is 
           dx=(xJa-(xrh=(x_h-(xr)a (2) 
where subscripts  and b show the top and bottom chambers, espectively, at the steady state, and 
Brown's expression<~ is used for T: 
            T- Tr T„ In Tr (3)                 T
r- To Te 
   1) T. Makita. ! Soc. dfgh Pressure Gas Industry (Japan), 2S, 18 (1960) 
   Z) T. 113akita, Thfs fourraf, 29, 4i (1960) 
   3) T. Afakita, ibid., 29, ii (1960)
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In this investigation, the thermal separation and the thermal diffusion factor have been calculated 
by Eqs. (2) and (1), respectively, at the mean temperature assigned by Eq. (3). 
                                Experimentals 
   The experimental pparatus and procedures were described in details in the previous paper2>. 
The top chamber was maintained in a boiling liquid bath, that is, m-xylene for 138.8°C, water 
for 100.0°C and carbon tetrachloride for 76.7°C were used, and the bottom chamber in a water 
thermostat of 25.0 or 30.O-C. 
   The sample gases used were obtained from commercial sources and purified by passage 
through a trap of silica-gel. The purity of both gases was more than 99.9%. The gas mixtures 
were made up in large cylinders and were used at least in one week. 
   A mixture of the sample gases was introduced into the evacuated chambers of the thermal 
diffusion apparatus which had been kept at each definite temperature. If necessary, the gas 
mixture was compressed through apressure-intensifier in which the pressure was transmitted by 
by means of an oil-pump. After the gas mixture was allowed to attain to a steady state, the 
gas in each chamber was analysed. For the measurement a one tnndilion, 3--4 runs were taken 
in about hvice as long as time to attain to a steady state. 
   The composition of gas mixtures in feed and at equilibrium was determined both by chemical 
analysis and by use of a thermal conductivity bridge, which had keen devised to obtain the 
aauracy within 0.02/ of the composition. 
                          Results and Considerakions 
     The present experimental results are described and discussed on the effect of mean com-
position, temperature and pressure upon the thermal separation dx and thermal diffusion factor a. 
   The effect of mean composition The thermal separation at the atmospheric pressure 
is plotted against the mean mole fraction of Hr, x,, as isotherms of mean temperature in Fig. 1. 
It is found that the curves are a little more symmetrical than those obtained for the H=-COs 
system2l, and [bat the maximum separation is obtained near x,=0.550.60 at the three tem-
peratures. The composition of the maximum separation agrees with the results of Ibbssl at 
T=36D°K and those of van Itterbeek e! a/sl at T=133.i°K, being independent on temperature. 
   At the atmospheric pressure, the thermal diffusion factors are the same at the three temperatures 
and are nearly coincident with the results of Ibbs at T=360'K, as shown in Fig. 2. The a 
increases gradually with increasing zr, and reaches a maximum near xr=0.9. In this figure, 
   4) H. Brown, Phys. Rev„ 56, 66[ (1940) 
   i) T. L. Ibbs, Rot. Roy. Sot. London, A107, 4i0 (1921) 
   6) A. van IUerbeek and A. de Troyer, Physics,16, 329 (1950) 
   7) T, Kihara, ImperJeu gases. Asakura Book Co.. Tokyo(1949)
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two theoretical curves are also plotted, which have been calculated from the first approximation 
of Kiharat•rl by means of both Lennard-Jones (i2-6) and a modified Buckingham (exp-6) poten-
tialss•91. The force constants used are shown in Table hot. The theoretical values are not 
satisfactory for the present system, but the (exp-6) potential gives somewhat better esults than 
                                 Tahe I
t: Thermal diffusion factor as a funt[ion of mean 
   mole traction at [he atmospheric pressure: 
  p This work (T-332.9'x), 
  ~ Ibhssl (T=360'x) 
 -•-•- Theoretical, (12-6) potential 
 ^•^•••^• Theoretical, (ezp-6)potential 
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the (11-6) one. 
    The results of the H.-COt system, which were shown as a dotted curve in Fig. 2, are steeper 
in slope than those of the Hr-A system. However, these two curves cross each other near xr=0.45. 
It would be i¢teresting to mention that the same value for a is given for both systems near xr=0.45, 
and argon molecules are as effective as carbo¢ dioxide molecules at the atmospheric pressure, though 
[here is the much difference between their properties. 
   The results under high pressures are shown in Figs. 3 and 4. It can be seen tbat both ds
m
v 
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Fig. 4. Thermal diffusion factor al T=333.8°K under 
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and a increase gradually with increasing pressure at a constant composition, and that the pressure 
effect becomes larger with decreasing rr. That is, the composition of maximum separation 
displaces toward left with increasing pressure as shown in Fig. 3, and the slope of a versus z, 
at 108.7 atm is contrary to that of 1.0 atm. Although the tendency is similar to the system of 
H~-C0, reported previously''-•a>, the discrepancy in quantity is very large between them. For 
instance, the ration of a under ]00 atm to a under 1 atm at a composition z,=0.3 is about 6.8 
   tQ T. L. Ibbs and K. E. Grew, Aoc. Phyt. Soc., 41, ash (1929) 
   12) E. W. Beckeq Z. NarurJorch., 5a, 457 (1950)
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for Hr-COr and only about 1.7 for the Hr-A system, This means [hat the difference in properties 
between CO, and A molecules becomes remarketble under high pressure, although it is not a[ 1 
atm as described above, 
   The effect of temperature The plots. of the thermal separation against In(Tr(T,) at 
a constant composition are found [o be linear at the atmospheric pressure. According to Eq. 
(1), the slope should be xlx,a, and a at a constant composition is constant over the present 
temperature range, The experiments at low tempera[uress.ID gave considerably lower values of 
a. Some results are compared in Fig. 5, where it seems that a is Constant at mean temperatures 










lY-aA Fig. °. Variation of thermal ditiusion (actor with mean 
       temperature in Ar-A system at the atmospheric 
        pressure: 
      Oop This work, • Ibbssl 
      ~~ Ibbs-Grewitl OD van Itterbeek er alsl
     ' IOU 5111 :Y~n ~ 
             Mean tempernulre, T, °K 
above 250"K and decreases continuously at the lower temperatures, 
   The thermal separation oC xr=0,561 under pressures is plotted against ln(Tr/To) in Fig. 6. 
It can be seen that the relation is no longer straight under high pressures. And the thermal 
di6usion factor versus mean temperature diagram is also shown in Fig, 7, where a under high 
pressures decreases continuously with increasing T. This tendency would be similar to the results 
obtained for the Hr-C0, system reported by Beckert'-). 
   The effect of pressure The gas mixture. with the composition of zr=0.561, which has 
been close to the composition of maximum separation at the atmospheric pressure, is used for 
the measurement of the effect of pressure up to 2?0 atm. The results are given in Fig. 8, where 
m 
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Fig. 8. Thermal separation and thermal diffusion factor 
       as a function of pressure: 
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a part of the results in the H,-C0; system obtained previouslyzi is also plotted by a dotted curve, 
As seen in this Figure, a of the H;-C0; system becomes remarkablly large with increasing pressure., 
and, for instance, although the ratio of a at 115 atm to a at 1 atm was ahout 4,7 for the H;-C0, 
system, that of a at 217 atm to a at I atm is only 1,8 for the H;-A system, As the thermal 
diffusion is sensitive to the intermolecular force, the discrepancy between the hvo systems would 
be caused by the difference in properties between A and CO,. The nature of interaction, which 
is the most importaat factor for the thermal diffusion under high pressure, has aot been explained 
theoretically, and therefore now it would be reasonable to use the reduced state expression as a 
measure of the nature. And we must have more reliable experimental data for more systems. 
   The authors have great pleasure in expressing their sincere thanks to Professor R'asaburo 
Jono of Ryoto University for his valuable suggestion throughout the course of this work,
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